Are cytomegalic neurons and balloon cells generators of epileptic activity in pediatric cortical dysplasia?
Severe cortical dysplasia (CD) is characterized by the presence of cytomegalic neurons and balloon cells. These aberrant cells could participate in the generation of epileptic activity. The aim of this study was to morphologically and electrophysiologically characterize cells in pediatric CD tissue. We used infrared video-microscopy to visualize normal and abnormal-appearing cells. To characterize electrophysiological properties, we used whole-cell patch clamp recordings in tissue slices obtained from 42 cases of pediatric CD (ages 0.2-14 years). The pipette contained biocytin for determination of morphological features. Approximately 25% of recorded cells displayed morphologic differences compared with normal-appearing pyramidal neurons, and were divided as follows: immature, misoriented, dysmorphic, cytomegalic, and balloon cells. Immature cells displayed electrophysiological membrane properties typical of developing neurons. Misoriented pyramidal neurons and pyramidal neurons with dysmorphic processes displayed properties similar to normal-appearing pyramidal neurons. In contrast, cytomegalic neurons and balloon cells displayed abnormal membrane properties. Balloon cells had a very high input resistance and lacked voltage-gated Na+ and Ca2+ currents. Cytomegalic neurons had a very high membrane capacitance, very low input resistance, and showed signs of hyperexcitability, as exemplified by the occurrence of repetitive, slowly inactivating Ca2+ spikes when depolarized. We suggest that cytomegalic neurons but not balloon cells have the potential to be epileptic generators, although probably not instigators, in severe CD tissue.